Step 1: 7-to 9-dayold slice cultures were grown on membrane filters.
Step 2: gene-gun transfection with vector-coated gold particles and 195 psi helium gas pressure.
Step 3: expression of cameleon protein 3-5 days after Step 2.
Step 4: selection and placement of SCN slice onto the electrode array.
that [Ca 2ϩ
] c rhythms indirectly drive the circadian rhythpopulation of paraventricular nucleus neurons were calretinin immunoreactive. Thus, many ventral SCN neumicity of action potential firing in SCN neurons.
rons were immunoreactive for both calbindin and calretinin.
Results
Cameleon cDNA linked to the neuron-specific enolase promoter was transfected into SCN slice cultures using Immunohistochemical Characterization of SCN Slice Cultures a gene gun ( Figures 1B-1D ). Cameleon was expressed primarily in neurons, although several glial cells on the SCN slice cultures were characterized immunohistochemically for the presence of an enzyme involved in ventral edge of the slice also expressed cameleon. The transfection protocol was optimized so that the number the synthesis of GABA, glutamic acid decarboxylase-65 kDa (GAD65), and two Ca 2ϩ binding proteins, calbindin of transfected SCN neurons was small, enabling visualization of individual neurons ( Figure 1B ). Because the D28k and calretinin ( Figure 1A ). GAD65-immunoreactive neurons were densely expressed in the SCN, sending permeability of gold particles carrying the cDNA vector was limited, cameleon expression was confined to neuefferent fibers parallel to the third ventricle and into the paraventricular nucleus. Extensive calbindin immunorerons near the slice surface, where microtubule associated protein-2 (MAP2)-immunoreactive neurons but not activity was observed throughout the SCN and in periventricular tanycyte-like cells. Ventral SCN and a subglial fibrillary acidic protein (GFAP)-immunoreactive ] c , inhibit the NMDA-induced Ca 2ϩ influx in SCN neurons, and inhibit thought to be a trigger for circadian phase delays at the second messenger level (Ding et al., 1994 (Ding et al., , 1998 Health & Science University) were applied via the perfusate. Osaka, Japan). The collagen-coated MEAD was filled with 2 ml of culture medium and placed in a 100 mm petri dish containing 6 ml sterile water to humidify the atmosphere.
Statistical Analyses Hypothalamic slice cultures containing the center of the SCN and
The circadian amplitude and period of the MUA and [Ca 2ϩ ] c rhythms with successful cameleon expression were placed onto the MEADs.
were calculated using a four-parameter sine curve fitting using The membrane filter beneath the SCN slice was carefully cut to the Sigma Plot ver.4.01 software (SPSS Inc., Chicago, IL). The calculated size of the tissue, and the upper surface of the slice was placed amplitude and period before drug applications were regarded as down on the MEAD. The slice position was adjusted to ensure that control values. Amplitudes less than three standard deviations the SCN was over the electrode array during a gradual reduction of above the baseline noise (fluctuations of ten data points) were rethe culture medium volume to approximately 150 l. The culture garded as no circadian rhythm. The CT was calculated from the was maintained in a CO 2 incubator, and 130 l medium was excontrol MUA rhythms, although no significant phase shifts were changed every 18-36 hr. The shape of cameleon-expressing neuproduced in these rhythms by the drug treatments. The peak MUA rons did not change during or after this replating procedure. A stable was defined as CT 6, and the trough was defined as CT 18. Ampli-SCN structure on the MEAD was also confirmed with immunostaintudes were compared using the two-tailed, paired t test. The mean ing with a GAD65 antibody after 2 weeks culture on the MEAD. cytosolic and nuclear Ca 2ϩ concentrations were compared using the two-tailed, unpaired t test. 
Recording of MUA Rhythms

